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Simulating QCD with dynamicrd Wilson and staggered fermions ~$

Ri+jilI~G(lpta

T-8, h4S-B2S5, LOJ Alanlo.* ,~rational Laboratory, LOJ A!arnos, NM 87545

ABSTRACT

I ]mwent n w]mmary of the work done during the last yenr by the Los Alnmcxq lnt t irr

~“{)]];ll)or~ltit)ll(C’, B;~illie, R. Gllpta, G. Kilcup, G. Guralnik, A. Patrl nn(l S. Sharpc J

to stll(ly (JCD wjt!l tile Hybrid ilonte Cnrlo .Algorithm. The specific questions wr lmvr

;L(l(lrrss.ml nre t he fillit r tenlperat Ilrc t ratlsit ion for t)ot11staggered and Wils(m fmmions

1111(1scrm’njng iIl tb~ l]t*av~ q~ jmtential with Wilson ferInifms. I also prrwmt n (Iiscllssi(m

of t II{’cfficjr[lcy of tlw fcnni(m ll])(late algorithm.



1. Introduction

1)

~)

3)

4)

5)

In this talk I will discuw tlw following five topics:

The finite tempcrat ure transition for 4 thivms af staggcrml fcrmions with cmphiwis OII

finite size effects.

Tests of the Hybrid klonte Carlo Aigorit hm ( HMC.A ) nt small quark masses for stag-

grnwl fcrmion9.

Evaluation of HllC.~ for \Vilson fcv-miens ud some first results for the finitd trmpcr-

ntlme transition.

Screening in the hravy q~ potential in QCD for N! = 2 Wikmn fm-uliom+.

C’(m~pnrison of HMC.4 nmi Lanpwin algorithms

All t hr Aculnt.ions wwc dorw using the HMCA [1] and to a Ia.rgc extent



The ~p shot of the calculations done over the last year is that we need to ~mcl(~rtnkc a

drt ailed and careful finite volume analysis in order to a~certain the order of the transit hl.

Since there are no clear general st atemcnts rtlmut t hc order (like a first order transition for

all ~nlues of m~ ), it is important to do t hc finite volume study for the cn.sc ?)f intmrst: t.w(]

light u and d quarks and one intcmlediatc mass s quark. .~lso, this calculation should I-w

fhme at weaker cmlpling wherr scaling holds. Such a calculation is not pmwihle with HklC.4

((nl]y multiples of 4 staggered flavors arc nlk)wd). It is .nlso Ilnretdistic to try to rxtr:lct

hard numbers at strong coupling (Iue to hwge flrtvor symmetry hretdcing cffwts. Tlwsc

Iimitnt ions are over rmd Awe the question of approximate dgorit.hms. !n t lw (ml t lW

first qlmntity that wc will extract with good precision is the transition tempcrnt.urr sinrr

t}m location of the trrinsition is the easiest to measure. Mmnwhile. we turn to n trchnicrd

rxcrcis~’: (lors the strong first order transition w-en at small quark mxw ( nlq S 0.05) with

4 st aggerml flavors stlrvivr thr infinite volume limit, This study is also nlotit atml hy :mr

(Iosirr to Ilnderstand the pa-formancr of H\lC.4 at small qm.rk mass.

Tlwre is still some lingering debate ovrr whrther one gets the same results using (liHrr-

(*llt.nlgoritlmls. Tlw nnswor is obsmmxi l~y the fttct that different calculations use diffmrnt

]mrnmrtms. scan the t rtmsition rcgi(m in (Iiffm-rnt wnj”s and hccause the ~pproximmtr dgo-

rit llIIIS have rrrors. For rxample tl]c critical value of 6/g2 is shifted towards lower vnlurs

(d G/g2 in nms using npproxirnatc algorithms, The magnitude of the shift dtqmnds on tlw

nlgoritllm and tiw strp ~im. aml rnngm from ~ 0.01 to 0.05. with the hybrid d~orithnl

hhvinK t Iw snmllrst mror, K4wping this cnvctit in mind, I hrlievc thnt we arr s(’ing t II(’

S:IIIWgross fmtt urt=s in all siltltllat ions.

T() fnrilitntr rompnrison, bt nw d this sectirm hy stnting what w[* nrr (Ioillg t I)iit

is (iiffm-m]t fr(ml othrr grmlps: ( 1) wr IIW nn rxttct algorithm as dot-w thr FSU groll~) [C]

nil(l ollr rrwllts nrr in ngrerment. (2) \Vc rrdm-e the m-mr in (YI ) hy nw’rnging twm

23 ])st’ll(lf)ff’rtllif)tl fioh]s. xf~tr t]lnt itl t ilo tloisy frrnlion itlll]lrl;]~tltatit)ll of t }w Lnngtwin

nJi(i hy~)ri(l h)g(wit ~ltlls, OIIConly grts an ~wtinlator for ~~ ) {m a givtm Imckgroun{l Kmlgr

(’(ulfi~llrnt i~)tl. T() t }Mhmt of tnlr knowlmlgr no ot}lrr gr~)llp Imn tuwd this vsrimwr rwllwt itm

trirk, \Y(’ (.[)llsi(lq=rthis inlpt)rthtlt IJm-flllsr for ?/lq ~ ().], t}lr Hln-tllat,i(ms ill t Iw rst inmt(w

(T\ ) llwl~sllrt’(1 with n single psmdofmwli,m fbhl nrr Inrgm tlmn t tw ,Iisrf)lltili,,ity.



a function of )n~ ad volllmr; ( 3 ) t hc dcrnrrrlntion time incrc~~~ ~~ lllq + (): illl(l (4) tilt’

llsurd critical slowing (Iown fus g -+ O. II] t his tnlk I givr rst imatrs for t tmsr tin(l w~lnr of

the numtwical (Int a sllpport ing t Iw caw.

( 1) The step-size c has to be dm-rerw(I m mq + O. This is Ix’criusr tlw rrror in Alf

integratmi ovm a rmdeculnr dynamim t rnjrctory depends on m~ dur to c(mtriht ions to

~ fr~ml the fernlionic prwt of the action. Tim fermion nction SF = Ot( .~ft .~f)-’ o is

imlependvnt of WI~ sinw nT update o using the gaussian noise mrt hoc I. Thr Irmiing trrm

in the step-size rrrm ill H is givrn hy the t bird power of the dcriwtt ivr of .S}”with rrspm”t

to tilt link mririblrs [’ (srr rqn. s.5 iu rrf [3] for (Ietrii]s). Sint.c c~ch dt=ri~wtivc of .SK giv~~s

n powm of 1/m, t hr tot al changr in H illt cgratml ovm n t rajm-tory of lcngt h 1/f g(ws (as
3/2 .

f2/m3. Thus ~ has to Iw (Im-rmusml M rnq m the limit mq + O. This is ronsistrllt with

ollr dat~: on 4 x G3 Intticrs we hrd to usr f = 0.06.0.026 and 0.011 nt mq = 0.1.0.05 :UMI

0.025 rrs]xxt lvely in order to mtinta.in = 7070 acmpt ancc. In time nms we carrwd (mt

trsts with different prmision to rrmmw nny rxtra factors thnt IImy rrquire a (Ircrrmw l)f t

(Itw t(] rrsi(lua] wrors in the crdclllnt ion ( .11t .\f ) -‘ O Rt my st nge of t }lr rvolut ion.
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with Wilson f~’rmiona





S. Screening in the heavy q~ potential



he as large as a fcw huxldrc 3 trajwtorirs ). Thus a better algorit llnl anfi sllb~t ant iit]l~ morr

computer time is requiied to probe the smaller q~mrk mass region.

The Ifpi]son hMJpexpect aticm Iiducs am givrn in table 1. Since wc can h.mly mcrusure

4 x 4 loops it is m)t pf~ssible to extract a potential reliably. Therefore. we first st mly a

sinlpl~r prob]e!n: the l~ehavi(]r ijf W:i]son loops as a flmct ion of the quark IImss in or(lrr

to t~xpow the scrrening Meet of dynamical qllarks. To do this we match lm)p exlwctation

Ialum against the pllre gauge (Iata and rmalyse the shift of the ptlrc gauge collpiillg. ~.j,

M a fllnction of thr loop size and the quark masss.

Theoretically. wc expect t hat in wldit i(m to an m-mall rm-mnnalizat ion of the Im.rc

cfnl~ding 6/g~ . the presmwc of (Iynamical q~mrlis change the area law for large lVilsoll

hxqw, f(umd in pure gauge them-k-s. to a pm-imctm law. Thus. in the matching l~roccss t hr

effrct of ~.u~cu~lmpolarization sh[nlld brcorne discernah]e at .son~e hx~p size which (lrprm~is

(UI tlw ({lmrk mass. For hmps with WI arra huger tlmn this size wr rxpect to fh]d that

.3.J ~ x as .Area ~ x hecauw= loops me~slwmi in prest=nce of dynamical quarks are not

sII])rrssed by the area tcrln. This rffect Aml]d hcconle more pronounced with (Im-rmwing

(Illark mass and shmdd start occunng ~t smnllcr loop area.

< l\”tlsorI Loop > with 2 flavors
l’appri (-).1560 0.1560 0.1600 0.1620 0.1650 0.1670

m-(mf !)00 1340 1OQ-J 1350 1710 2370
1X1 0.4 S47(3) 0.4909( 2 ) 0.4957(2) 0.5016(4) 0.5152(6) 0.5299(6)
1~~ 0.2472(3) 0.%48(3) 0.2606(3) 0.2679(5) 0.2852(5) 0.3047(4)
1x3 0.1274(3) 0.1337(2) 0.13S6(2) 0.1451(4) 0.1604(4) 0.17s5(4)
1x-l 0.065S( 2 ) 0.0703(2) ().0740(2) 0.078s(3) 0.0905(3) 0.1050(4)
%J~ 0.0712(2) 0.0770(2) o.m12(2) 0.0870(4) 0.1014(4) 0.1195(4)
2X3 ().()214( 1) 0.0243( 11 0.0267( 1 ) ().ljggq 2 ) 0.0385(3 ) 0.0507( 3 )
2X4 ().0065( 1 ) 0.0079( 1 ) 0.0089( 1) 0.0105(2) 0.0149(2) 0.0219(2)

3x3 0.0040( 1 ) 0.0051(1) 0.0058(1) 0.0070( 1) 0.0105(1) 0.0169(2)

3X4 ().0007( 1) ().0011(1) (-).0013(1) 0.0016( 1) 0.0031(1) 0.0060( 1 )
4X4 0.0000i 1 ) 0.0001( 1 ) ().0002( 1) 0.0004( 1) 0.0007( 1 ) ().0020( 1 )



-riil)le ?: TJ]e shift in pure gauge P’ necmsaqv

sea quarks as a function of the hmpsize and K.

to mat A lVdsm bps with tww flavors of

(Illark mass is dccrca,5e(I. This is shown in figure 8 where we plot A3 – Ad( 1 x 1) vrrsus

hmp area for the six Ialucs of K. No error bars are plotted since the data i~ given in talde

2. The effect is Imrely significant for K = 0.156 – 0.162 and clear only at N = 0.167 i.e. at

or lighter than the strange quark systrm. To conclude, our data only qualitativt~ly shows

the twpected screening be!mvior.

!)



6. Efficiency of HMCA versus Langevin

\Vf* I)rmen[ a l~llxlwrical cmnparisoll of the

:Il,gtmitlII1lS Ilsing \Vilson hxq)s as pmlxw. For tiw HhlCA we mcn.surr(l llp to 3 x 3 1001)s

;It G/!/~ = 5.5 and K = O.15. For thmc pnrmnrtcr values wc do extrrwt zrro tcmprrat.urc

rcwllts cvrn 01] a GJ lnttict? since tho finitr tcmlmratlur transition for .Yf = l/Ten = G is fit

N = ().1365, TIW r(~slllts llsing Llllqywixl lll~t{ntc ;~rr given hy F[lk,llgita et al. [1s] for tllrer

vnllws of t,llu ~tep size. Jr = ().02, 0.01, 0,00~. T!l[ly nlso p:ovidcd the AT = O vnllws lwing ;~

lillt’nr t’xtrapo]ntion of t~wir data. Tile collll~h’tc (Iata mc given in table 3. OIIC fiIl(h gtM)(l

;qgrrmncnt hetwcen the twm calclllat, ions rmd for algorithm rnnlparisc)n wr a.SSUIIN t ]litt, t,ll(~

(’rr(w mtimatcs are rclirddc and mlllfil to first npprwcirnation. Therrforr, to ost inmtt” t }w

C“PU t imr for t hr two calculations wc sinqdy wld up the total number of timr stwps. Xotc

t Il;lt t’acll ?ilnr strl~ rcq[lircs a nmt rix invcrsi(m which accmmts for X 90(% oft lw t.otnl CPU

t ixnc. Tlli> invrrsion can hr carried ollt Ilsing the same optimal algorithm in l}f~th ca.sos.

Tllc HJ!CA ~dr[lliitio[] Ilse(l SO trajectories of hmgth 40 ( with a strp sizr 6 = 0.04)

for il tot:u of 3200 stt’ps. TIM rt-wdts of Limgcvin sim~dation show vt=ry lnrge step size

I’rr(ws, i.r. tllc 3 x 3 lmqJ t’xpmtntion l~][lc cllnrlgrs I)y over 10090 Imtwwn hr = 0.02 an(l

().() ( t lus is one reason why Langcvin cv(dutiml is Imt a good preprocessor for HMCA ).

Thtm f{m’. we shall assume that Lrtngevin simulat i(ms need to be done fit at least t hrrc

v;llll(~s t)f Ar. Fllkllgita et al. ~valll;~te c~prctacion q,~lles ot~cr ~(),30,20 configurations wit h

&r = ().()?. ().()1, 0.005 rt)sl>cctit’rly for a tf)tJd of S000 steps (20*50 + 3O*1OO + 20*200)1

Tllc tw,] simulations [MX1 lattice volmnrs different hy a fnctor of x 4 (6 x 83 for HhICA

i.(’rslls !lJ x 1S for Li\]lg~vill). .~SSllIlliIig that CPU time grows like I“siq, thr HNICA will

r(’flllirc ~ 6 t inws rus hmg (m a Y x 1S I;ltticc, This factor of six will be lmrtly (ifst~t I)y

IIIt’ q;lill ill st;~t istirs (111~ to th(~ ]iirg~r volIIIllC IUI(I t ~p ahscn~p of thm-rnaliztitio:l ovmhtwl

of Illll]til)lr 47 n]ns.

Lofq) hr = 0.02 Ar = 0.01 hr = 0.005 +hT= (!.0 HYICA

1X1 ().5137(9) 0.5257(7) (-).5330(9) 0.5389( 10) 0.5384(10)
1X2 ().2799(9) 0.2958( i) 0,3053( 9) 0.3131(13) 0.3125(15)

,1X3 0.154s(8) 0.16 S9(7) (),1779(8) ().1 S48(11) U.ltlw(lfi)
~x~ ().0!Jli(9) ().10 s0(9) o.li65( 12) (),122?8(12) 0.1227(16)
’113 ().()339( 5 ) 0,041 !3(5) ().()474F) 0.0511(8) 0.0516(11)
3X3 (),()()84(6 ) 0.0120(5) ().()144(7) ().0161(6) 0.0164(5)



The above crude analysis shows th~t for gluonic observable HMCA is at lca,,t as

efficient as Langevin simulations. FOYcalculations involving external quark propagators

(as in hadron spectrum and matrix elements calculations) HMCA gains in storage and

CPU since fewer configurations need to be analysed as there is no extrapolation CST + O

needed. Finally, the fact that in Langevin simulations a linear extrapolation to zero step

size is still an approximation further tips the scale in favor of HMCA.

One of the criticisms leveled at approximate algorithms is whether they produce con-

figurations that are in the same universality class as QCD. The fact that we find agreement

with results from an exact algorithm when a simple linear extrapolation in 6T is used is

encouraging. However, we need an unecp~ivocrd answer (numerical “proof” will be hard

to establish). If universality holds for small Jr, then we carl forget about the 6~ ~ O

t~xtrapoiation; inst cad we should focus on showing that mass-ratios become constant as

g + Oand mq + 0. I look forward to the next lattice meeting in anticipation of tin answer
to this important question.
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